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© DNA fragment encoding a polypeptide having nitrite hydratase activity, a transformant containing 
the DNA fragment and a process for the production of amides using the transformant 

© The present invention discloses the amino acid sequence and nucleotide sequence of the a- and /5-subunits 
of two types of nitrile hydratase derived from Rhodococcus rhodochrous J-l. The DNA fragment encoding nitrile 
hydratase is inserted into an expression vector and the recombinant vector is used for transformation. The 
transformant contains multiple copies of the gene and can produce much higher levels of nitrile hydratase than 
conventionally used microorganisms. 
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The present invention relates to a DNA fragment derived from Rhodococcus rhodochrous J-I and 
encoding a polypeptide having nitrlle hydratase activity which hydrates nitriles to amides. The invention also 
relates to a recombinant DNA containing the above DNA fragment, and a transformant transformed with the 
recombinant DNA. The present invention further relates to a method of producing nitrile hydratase using the 
5 transformant and of amides using nitrile hydratase. 

Nitrile hydratase or nitrilase is known as an enzyme that hydrates nitriles to amides. Microorganisms 
that produce nitrile hydratase include those belonging to the genus Bacillus, the genus Bacteridium, the 
genus Micrococcus and the genus Brevibacterium (See, JP-B-62-21517/1989, USP No. 4,001,081), the 
genus Corynebacterium and the genus Nocardia (See, JP-B-56-17918/1981, USP No. 4,248,968), the genus 
10 Pseudomonas (See, JP-B-59-37951/1984, USP No. 4,637,982), the genus Rhodococcus, the genus Arth- 
robacter and the genus Microbacterium (See, JP-A-61 -1621 93/1 986, EP-A-0188316), and Rhodococcus 
rhodochrous (See, JP-A-2-470/1 990, EP-A-0307926). 

Nitrile hydratase has been used to hydrate nitriles to amides. In the invention, microorganisms are 
engineered to contain multiple copies of a recombinant DNA encoding nitrile hydratase according to a 
75 recombinant DNA technology. The recombinant produces a remarkably high level of nitrile hydratase 
compared with conventionally used microorganisms. 

The present inventors previously disclosed a DNA fragment derived from Rhodococcus sp. N-774 
(FERM BP-1936) which also encodes a polypeptide having nitrile hydratase activity (JP-A-2-1 19778/1988). 

In contrast the present inventors utilizes a DNA fragment derived from Rhodococcus rhodochrous J-I 
20 for the production of nitrile hydratase. We isolated the gene encoding nitrile hydratase, inserted the gene 
into a suitable plasmid vector and transformed an appropriate host with the recombinant plasmid, thus 
successfully obtained the transformant producing nitrile hydratase which has high activity also on aromatic 
nitriles. 

The present invention relates to 
25 (1) a DNA {H) fragment encoding a polypeptide having nitrile hydratase activity, said polypeptide 
comprising the a (H) -subunit as defined in the Sequence Listing by SEQ ID: No, 1 and the /3 {H) -subunit as 
defined in the Sequence Listing by SEQ ID: No. 2; 

(2) a DNA (L) fragment encoding a polypeptide having nitrile hydratase activity, said polypeptide compris- 
ing the or (L) -subunit as defined in the Sequence Listing by SEQ ID: No. 3 and the 0 (L) -subunit as defined 

30 in the Sequence Listing by SEQ ID: No. 4; 

(3) the DNA (H) fragment of (1) which contains a nucleotide sequence encoding said a (H) - and 0 (H) - 
subunits, comprising the DNA sequence of the a (H) -subunit as defined in the Sequence Listing by SEQ 
ID: No. 5 and the DNA sequence of the jS <H) -subunit as defined in the Sequence Listing by SEQ ID: No. 
6; 

35 (4) the DNA (L> fragment of (2) which contains a nucleotide sequence encoding said a (L) - and j9 (L) -subunits, 
comprising the DNA sequence of the « (L, -subunit as defined in the Sequence Listing by SEQ ID: No. 7 
and the DNA sequence of the 0 {L, subunit as defined in the Sequence Listing by SEQ ID: No. 8; 

(5) a recombinant DNA comprising the DNA (H > or the DNA (L) of (1)-(4) in a vector; 

(6) a transformant transformed with the recombinant DNA of (5); 

40 (7) a method for the production of nitrile hydratase which comprises culturing the transformant as 
described in (6) and recovering nitrile hydratase from the culture; 

(8) a method for the production of amides which comprises hydrating nitriles using nitrile hydratase as 
described in (7) to form amides; and 

(9) a method for the production of amides which comprises culturing the transformant as described in 
45 (6), and hydrating nitriles using the resultant culture, isolated bacterial cells, treated matter thereof, or a 

fixed material of them, to form amides. 
The present invention is described in detail as follows. 
The present invention is carried out by the steps (1)-(8): 

50 (1 ) Isolation and Purification of Nitrile Hydratase and Partial Amino Acid Sequencing of Nitrile Hydratase 



Two types of nitrile hydratase (designated as H type and L type, respectively) are isolated and purified 
from Rhodococcus rhodochrous J-l (FERM BP-1478) and the both enzymes are separated into a and p 
subunits using HPLC. N-Terminal amino acid sequence each of the subunits is determined and shown in 
55 the Sequence Listing by SEQ ID: Nos. 9-12. 

(2) Preparation of a DNA Probe for a Nitrile Hydratase Gene 
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A DNA probe is prepared from JM105/pYUK121 (FERM BP-1937) as described in J P-A-2-1 19778/1 990 
due to the high degree of homology in the amino acid sequence between the nitrile hydratase 8 subunit of 
Rhodococcus sp. N-774 described in said Japanese Patent Official Gazette and those of Rhodococcus 
rhodochrous~ J-l. Plasmid pYUK12l containing nitrile hydratase gene derived from Rhodococcus sp. N-774 
5 is prepared from a JM105/pYUK121 culture. pYUK121 DNA is digested with Sphl and Sail. The Sphl-Sall 
fragment contains the nitrile hydratase gene (shown in the Sequence Listing by SEQ ID: No. 13) of 
Rhodococcus sp. N-774. The DNA fragment is radiolabeled. 

(3) Detection of a DNA Segment Containing a Nitrile Hydratase Gene from the Chromosome ofRhodoc- 
w occus rhodochrouiiR 

Chromosomal DNA is prepared from a Rhodococcus rhodochrous J-I culture. The chromosomal DNA is 
digested with restriction enzymes and hybridized to the probe described in (2) using the Southern 
hybridization method [Southern, E.M., J. Mol. Biol. 98, 503 (1975)]. 
is Two DNA fragments of a different length are screened. 

(4) Construction of a Recombinant Plasmid 

A recombinant plasmid is constructed by inserting the chromosomal DNA fragment as prepared in (3) 
20 into a plasmid vector. 

(5) Transformation and Screening for a Transformant Containing the Recombinant Plasmid 

Transformants are prepared using the recombinant plasmid as described in (4). The transformant 
25 containing the recombinant plasmid is selected using the probe as described in (2) according to the colony 
hybridization method [R. Bruce Wallace et. al., Nuc. Aci. Res. 9, 879 (1981)]. Additionally, the presence of 
the nitrile hydratase gene in the recombinant plasmid is confirmed using the Southern hybridization method. 
The plasmids thus selected are designated as pNHJIOH and pNHJ20L. 

30 (6) Isolation and Purification of Plasmid DNA and Construction of the Restriction Map 

Plasmid DNAs of pNHJIOH and pNHJ20L as prepared in (5) are isolated and purified. The restriction 
map of the DNAs is constructed (Fig. 1) to determine the region containing nitrile hydratase gene. 

35 (7) DNA Sequencing 

The extra segment of the inserted DNA fragment in pNHJIOH and pNHJ20L is excised using an 
appropriate restriction enzyme. The inserted DNA fragment is then used for sequencing. The nucleotide 
sequence of the DNA fragment (SEQ: ID Nos. 14/15) reveals that it contains the sequence deduced from 
40 the amino acid sequence as described in (1). 

(8) Production of Nitrile Hydratase Using the Transformant and Conversion of Nitriles to Amides 

The transformant as described in (8) is cultured. The bacterial ceils are mixed with nitriles, a substrate 
45 of nitrile hydratase, and amides are produced. 

Rhodococcus rhodochrous J-I was deposited with Fermentation Research Institute, Agency of Industrial 
Science and Technology, and was assigned the accession number FERM BP-1478. A transformant 
TGI/pNHJ10H containing pNHJIOH as described in (5) and a transformant TGI/pNHJ20L containing 
pNHJ20L as described in (5) were deposited with the above and assigned the accession number FERM BP- 
50 2777 and FERM BP-2778, respectively. 

Any vectors including a plasmid vector (e.g., pAT153, pMP9, pHC624, pKC7, etc.), a phage vector (e.g., 
Xgtll (Toyobo), Charon 4A (Amersham), etc.) may be used. Enzymes which may be used include Sphl, Sail, 
EcoRI, BamHI, Sad, and the like, which are commercially available (Takara Shuzo). Various hosts may be 
used for transformation including but not limited to E. coli JM105 and E. coli TGI. 
55 Culture media for the transformant are those ordihlrHy used in the^rt 

Conversion of nitriles to amides is carried out using nitrile hydratase, crude nitrile hydratase, the culture 
of the transformant, the isolated bacterial cells or treated matter thereof, and the like, prepared from the 
culture of the transformant. 
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Suitable nitriles in the invention include aromatic nitriles having 4-10 carbon atoms in the aromatic 
moiety and aliphatic nitriles having 2-6 carbon atoms, which are described In the European Patent 
Publication No. 0,307,926. Typical examples of the nitriles are 4-, 3- and 2-cyanopyridines, benzonitriie, 2,6- 
difluorobenzonitrile, 2-thiophene carbonitrile, 2-furonitrile, cyanopyrazine, acrylonitrile, methacrylonitrile, 
5 crotonitrlle, acetonltrile and 3-hydroxypropionitrile. 

The present invention discloses the amino acid sequence and nucleotide sequence of the o- and 0- 
subunits of two types of nitrite hydratase derived from Rhodococcus rhodochrous J-l. The DNA fragment 
encoding nitrite hydratase is inserted into an expression vector and the recombinant vector is used for 
transformation. The transformant contains multiple copies of the gene and can produce much higher levels 
io of nitrite hydratase than conventionally used microorganisms. 

Fig. 1 shows restriction maps of recombinant plasmids, pNHJIOH and pNHJ20L 
The present invention is illustrated by the following Example. 
The following abbreviations are used in the Example. 
TE: Tris-HCI (10 mM; pH 7.8), EDTA (1 mM, pH 8.0) 

15 TNE: Tris-HCI (50 mM; pH 8.0), EDTA (1 mM, pH 8.0), NaCI (50 mM) 

STE: Tris-HCI (50 mM; pk 8.0), EDTA (5 mM, pH 8.0), Sucrose (35 mM) 

2x YT medium: 1 .6% Trypton; 1 .0% Yeast extract, 0.5% NaCI 

Example 

20 

(1) Isolation and Purification of Nitrite Hydratase and Partial Amino Acid Sequencing of Nitrite Hydratase 



Rhodococcus rhodochrous J-l was cultured in a medium (3 g/l of yeast extract, 0.5 g/t of KH2PO4, 0.5 
g/l of K2HPO*, 0.5 g/l of MgS(V4H 2 0, 0.01 g/t of C0CI2, and 3 g/l of crotonamide, pH 7.2) at 28° C for 

25 80 hours. The bacterial cells were harvested. 50 g of the bacterial cells was disrupted and fractionated with 
ammonium sulfate. The sample was dialyzed and the dialysate was centrifuged. The supernatant was 
loaded on DEAE-Cellulofine chromatography, Phenyl-Sepharose chromatography, Sephadex G-150 
chromatography and Octyl-Sepharose chromatography. Two fractions with enzyme activity were obtained 
and dialyzed. The dialysates were loaded on a high performance liquid chromatography using a reversed 

30 phase column (Senshu Pak VP-304-1251, Senshu Kagaku), and two respective subunits (a and jS) were 
obtained. N-termina! amino acid sequence of ai< H) -, j8i (H) -, ai (L> - and jffi {L) -subunits was determined using an 
Applied Biosystems model 470A protein sequencer. The amino acid sequences are shown in the Sequence 
listing by SEQ ID: Nos. 9-12. 

as (2) Preparation of a DNA Probe for Nitrite Hydratase Gene 

E coli JM105 (FERM BP-1 937) ^ containing pYUK121 was cultured in 100 ml of 2xYT medium 
containing 50 /ig/ml of ampicillin at 30° C overnight (12 hours). The bacterial cells were harvested and TNE 
was added to the cells. The cell suspension was then centrifuged, 8 ml of STE and 10 mg of lysozyme 

40 were added to the pellet. The mixture was incubated at 0° C for five minutes followed by the addition of 4 
ml of 0.25M EDTA. 2 ml of 10% SDS and 5 ml of 5M NaCI were then added to the mixture at room 
temperature. The resultant mixture was incubated at 0-4 'C for three hours and then ultracentrifuged. 1/2 
volume of 30% PEG 6000 was added to the supernatant. The mixture was incubated at 0-4° C overnight (12 
hours) and centrifuged. TNE was added to the pellet to bring the volume to 7.5 ml and CsCI was then 

45 added to the suspension. The mixture was centrifuged to remove proteins. Then, 300-500 mg/ml of 
ethidium bromide was added to the supernatant. The mixture was transferred to a centrifuge tube. The tube 
was heat-sealed and then ultracentrifuged. cccDNA was extracted using a peristaltic pump. A bit more than 
equal amount of isopropyl alcohol saturated with water was added to the extract to rid of ethidium bromide. 
The sample was dialyzed against TE. About 3 ml of purified pYUK121 was obtained. 

50 pYUK121 DNA was digested with Sphl and Sail, resulting in a 2.07 kb DNA fragment containing a nitrite 
hydratase gene derived from Rhodococcus sp. N-774. The fragment was radiolabeled with 32 P to produce a 
probe. The nucleotide sequence of the probe is shown in the Sequence Listing by SEQ ID: No. 13. 

(3) Preparation of a DNA Fragment Containing a Nitrite Hydratase Gene of Chromosome 

55 

Rhodococcus rhodochrous J-l was cultured in 100 ml of a medium (10 g/l of glucose, 0.5 g/l of 
KH2PO+, 0.5 g/l of K2HPO4, 0.5 g/l of MgS(V7H 2 0, 1 g/l of yeast extract, 7.5 g/l of peptone, 0.01 g/l 
of CoCI 2 , 7.5 g/l of urea, 1% glycine or 0.2 /ig/ml of ampicillin, 1 1 of water, pH 7.2). The bacterial cells 



4 



EP 0 445 646 A2 



were harvested and the pellet was washed with TNE. The pellet was then suspended in 10 ml of TE. 4 ml of 
0.25M EDTA, 10-20 mg of lysozyme, 10-20 mg of achromoprotease and 10 ml of 10xSDS were added to 
the suspension. The suspension was incubated at 37 "C for three hours. 15 ml of phenol was added to the 
suspension. The mixture was incubated at room temperature for 15 minutes and then centrifuged. The 

5 upper layer was removed, and 0.7 ml of 2.5M sodium acetate and diethyl ether were added to the 
supernatant. The mixture was centrifuged and the upper layer was discarded. Two volumes of ethanol were 
added to the bottom layer and DNA was removed with a glass rod. DNA was rinsed for five minutes each 
with TEtethanol 2:8, 1:9, and 0:10 (v/v). DNA was then resuspended in 2-4 ml of TE (37* C). 10 pi of a 
mixture of RNase A and Ti was added to the suspension and the mixture was incubated at 37° C. An equal 

10 amount of phenol was added to the mixture which was then centrifuged. More than equal amount of ether 
was added to the supernatant. The mixture was centrifuged again, and the upper layer was discarded and 
the bottom layer was saved. The bottom layer was dialyzed against 2 I of TE containing a small amount of 
chloroform overnight and further dialyzed against fresh TE for 3-4 hours. 4 ml of crude chromosomal DNA 
was obtained. 

15 10 fit of TE, 3 fil of reaction buffer (1 Ox) and 2 pi of Sad were added to 15 pi of crude chromosomal 
DNA. The mixture was incubated at 37* C for an hour and electrophoresed on an agarose gel at 60 V for 
three hours. The Southern hybridization of chromosomal DNA was carried out using the probe as described 
in (2). About 6.0 kb and 9.4 kb fragments were found to show a strong hybridization. 

15 pi of chromosomal DNA was digested with Sad and electrophoresed on an agarose gel, as 

20 described above. 6.0 kb and 9.4 kb DNA fragments were cut out from the gel and taken in three volumes 
each of 8M NaCIO*. After solubilization, each solution was dotted on GF/C (Whatman) filter paper (6 mm in 
diameter). Ten drops (« 100 pi) of TE containing 6M NaCIO* and then ten drops (* 100 pi) of 95% ethanol 
were added to the filter paper. The paper was air-dried for 3 minutes and placed in 0.5 ml Eppendorf tube. 
40 pi of TE was added to the tube and the whole was incubated at 47 °C for 30 minutes. The tube was 

25 then centrifuged. About 40 of the supernatant was obtained which contained 6.0 kb and 9.4 kb DNA 
fragments containing a nitrile hydratase gene of chromosomal DNA. 

The method of inserting the 6.0 kb DNA fragment into a vector is described below. The same method is 
applied for the insertion of the 9.4 kb DNA fragment into a vector. 

30 (4) Insertion of the Chromosomal DNA Fragment into a Vector 

10 fit of TE, 3 pi of reaction buffer (10x) and 2 pi of Sad was added to 10 pi of pUC19. The mixture 
was incubated at 30 "C for an hour. 2 pi of 0.25M EDTA was added to the mixture to stop the reaction. 
•Then, 7 pi of 1m Tris-HCI (pH 9) and 3 pi of BAP (bacterial alkaline phosphatase) were added to the 

35 mixture. The mixture was incubated at 65* C for an hour. TE was then added to the mixture to make a total 
volume to 1 00 p I % The mixture was extracted 3x with an equal amount of phenol. An equal amount of ether 
was added to the extract. The bottom layer was removed and 10 pi of 3M sodium acetate and 250 pi of 
ethanol were added to the bottom layer. The mixture was incubated at -80 *C for 30 minutes, centrifuged, 
dried, and resuspended in TE. 

40 5 pi of pUCl9 DNA thus obtained and 40 pi of the 6.0 kb DNA fragment as described in (3) were 
mixed. 6 pi of ligation buffer, 6 pi of ATP (6 mg/ml) and 3 pi of T4 DNA ligase were added to the mixture. 
The mixture was incubated at 4*C overnight (12 hours) to produce the recombinant plasmid containing the 
6.0 kb DNA fragment encoding the desired enzyme in the Sad site of pUCl9. 

45 (5) Transformation and Screening of Transformants 

E. coli TGI (Amersham) was inoculated into 10 ml of 2xYT medium and incubated at 37* C for 12 
hours. After incubation, the resultant culture was added to fresh 2xYT medium to a concentration of 1%, 
and the mixture was incubated at 37° C for two hours. The culture was centrifuged and the pellet was 

so suspended in 5 ml of cold 50 mM CaCla. The suspension was placed on ice for 40 minutes and then 
centrifuged. 0.25 ml of cold 50 mM CaCl2 and B0 pi of the recombinant DNA as described in (4) were 
added to the pellet. The mixture was incubated at 0°C for 40 minutes, heat-shocked at 42° C for two 
minutes, placed on ice for five minutes, and added to 10 ml of 2xYT medium. The mixture was incubated at 
37* C for 90 minutes with shaking, then centrifuged. The pellet was suspended in 1 ml of 2xYT medium, 

55 and two 10 pi aliquots of the suspension were plated on a 2xYT agar plate containing 50 ^g/ml of 
ampicillin separately. The plate was incubated at 37* C. The colony grown on the plate was selected by the 
colony hybridization method: The colony was transferred to a nitrocellulose filter and digested. The DNA 
was fixed on the filter and hybridized to the probe as described in (2). The filter was autoradiographed and 

s 
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a recombinant colony was selected. Additionally, the presence of a nitrile hydratase gene in the transfor- 
mant was confirmed according to the Southern hybridization method. 

(6) Isolation and Purification of Recombinant Plasmid and Construction of the Restriction Map of the 
5 inserted DNA Fragments 

The transformant selected as described in (5) was grown in 100 ml of 2xYT medium containing 50 
/ig/ml of ampicillin at 37* C overnight (12 hours). The bacterial cells were harvested and TNE was added to 
the cells. The cells were collected again by centrifugation, and 8 ml of STE and 10 mg of lysozyme were 

io added to the cells. The mixture was incubated at 0° C for five minutes. 4 ml of 0.25M EDTA, 2 ml of 10% 
SDS (at room temperature) and 5 ml of 5M NaCI were added to the mixture. The mixture was incubated at 
0-4° C for three hours, and ultracentrifuged. 1/2 volume of 30% PEG 6000 was added to the supernatant. 
The mixture was incubated at 0-4 *C overnight (12 hours) and centrifuged again. TNE was added to the 
pellet to bring the volume up to 7.5 ml. CsCl was added to the suspension to rid of proteins. Then, 300-500 

15 mg/ml of ethidium bromide was added to the supernatant and the mixture was transferred to a centrifuge 
tube. The tube was heat-sealed and ultracentrifuged. cccDNA was removed using a peristaltic pump. A bit 
more than equal amount of isopropyl alcohol saturated with water was added to cccDNA to remove ethidium 
bromide. The DNA sample was dialyzed against TE t resulting in about 3 ml of purified recombinant DNA. 
The recombinant plasmid thus obtained containing a 6.7 kb DNA fragment was designated as pNHJIOH 

20 (The recombinant plasmid containing a 9.4 kb DNA fragment was designated as pNHJ20L). 

These plasmid DNAs were digested with EcoRI, BamHI, Pstl, Sad and Sail. The restriction maps were 
constructed and are shown in Fig. 1. 

(7) DNA Sequencing 

25 ~ " 

The location of a nitrile hydratase gene in the DNA fragment of pNHJIOH was determined according to 
the restriction map constructed and to the Southern hybridization method. An extra segment in pNHJIOH 
was cleaved off with Pstl and Sail: The 6.0 kb DNA fragment resulted in 1.97 kb. Similarly, an extra 
segment in pNHJ20L was cleaved off with EcoRI and Sad: The 9.4 kb DNA fragment resulted in 1.73 kb. 
30 These DNA fragments were sequenced by the Sanger method [Sanger, F., Science 214: 1205-1210 
(1981)] using M13 phage vector. The nucleotide sequence of the 1.97 kb DNA fragment (pNHJIOH) and the 
1.73 kb DNA fragment (pNHJ20L) are shown in the Sequence Listing by SEQ ID: No. 14 and SEQ ID: No. 
15, respectively. 

The amino acid sequence deduced from the nucleotide sequence was found fully identical to the amino 
35 acid sequence as determined in (1). The sequence analysis also revealed that the DNA fragment contained 
the sequence coding for the a- and /3-subunits. 

(8) Production of Nitrile Hydratase Using the Transformant and Conversion of Nitriles to Amides Using 
Nitrile Hydratase 

40 

TG1 /pNHJIOH and TG1/pNHJ20L were inoculated into 10 ml of 2xYT medium containing 50 ^g/mi of 
ampicillin and incubated at 30° C overnight (12 hours). 1 ml of the resultant culture was added to 100 ml of 
2xYT medium (50 ^g/ml of ampicillin, 0.1 g of CoCI 2 '6H 2 0/*). The mixture was incubated at 30* C for 4 
hours. IPTG was added to the mixture to a final concentration of 1 mM. The mixture was incubated at 30° C 

45 for 10 hours. After harvesting the cells, the cells were suspended in 5 ml of 0.1 M phosphate buffer (pH 
7.5). The suspensions were disrupted by sonification for 5 min and centrifuged at 12,000 xg for 30 min. The 
resulting supernatants were used for the enzyme assay. The enzyme assay was carried out in a reaction 
mixture (12 ml) containing 50 mM potassium phosphate buffer (pH 7.5), 6 mM benzonitrile and an 
appropriate amount of the enzyme. The reaction was carried out at 20° C for 30 min and stopped by the 

50 addition of 0.2 ml 1 M HCI. The amount of benzamide formed in the reaction mixture was determined by 
HPLC. As a control, the mixture obtained by the same procedure as described above but from E. coli TG1 
was used. The levels of nitrile hydratase activity in cell-free extracts of E. coli containing pNHJIOH and 
pNHJ20L were 1.75 x 10~ 3 and 6.99 x 10" 3 units/mg, respectively, when cuituFed in 2xYT medium in the 
presence of CoCI 2 and IPTG. Benzamide was found In the reaction mixture of TG1/pNHJ10H and pNHJ20L, 

55 whereas no benzamide was found in the reaction mixture of TG1 . 
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(!) INFORMATION FOR SEP ID NO: 1 

(i) SEQUENCE CHARACTERISTICS : 

5 

(A) LENGTH: 203 amino acids 

(B) TYPE: Amino acid 
io (C) STRANDEDNESS : 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: Peptide 

T5 

(vi) ORIGINAL SOURCE 

(A) ORGANISM: Rhodococcus rhodochrous 
20 (B) STRAIN: J-l (FERM BP-1478) 

( ix ) FEATURES 

(A) OTHER INFORMATION 

25 

a ( H )-subunit 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1 

30 

S 10 15 

HetSerGluHisValAsnLysTyrThrGUTyrGluAlaArgThr 

2 0 2 S 3 0 

35 LysAlal leGluThrLeuLeuTyrGluArgGlyleulleThrPro 

AlaAlaValAspArgVal ValSerTyrTyrGluAsnGlu I leGly 

SO S S 6 0 

ProMetGlyGlyAlaLysValValAlaLysSerTrpVal AspPro 

6 5 7 0 7 5 

GluTyrArgLysTrpLeuGiuGluAspAlaThrAlaAlaMetAla 
SerLeuGlyTyrAlaGlyGluGlnAlaHisGlnl leSerAIaVal 

4 5 10 0 I 0 S 

PheAsnAspSerGlnThrHisHisValValValCysThrLeuCys 

110 115 12 0 

SerCysTyrProTrpProValLeuGlyLeuProProAlaTrpTyr 

1 2 5 1 3 0 | 3 5 

so LysSerMetGluTyrArgSerArgValValAlaAspProArgGly 



40 



45 



55 



7 
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14 0 I 4 S ISO 

ValLeuLysArgAspPheGlyPheAspI 1 e ProAspG I u Va 1 G t u 

I S S I 6 0 I 6 S 

Val ArgValTrpAspSerSerSerGluIleArgTyrlleVal I le 

17 0 17 5 18 0 

ProGluArgProAlaGlyThrAspGlyTrpSerGluGluGluLeu 

I 8 S 17 0 19 5 

ThrlysLeuVa ISerArgAspSerMetl 1 eG 1 y Va 1 SerAsnA 1 a 
LeuThrProGlnGluVallleVal 



(2) INFORMATION FOR SEP ID NO; 2 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 229 amino acids 

(B) TYPE: Amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: Peptide 
(vi) ORIGINAL SOURCE 

(A) ORGANISM: Rhodococcus rhodochrous 

(B) STRAIN: J-l (FERM BP-1478) 
(ix) FEATURES 

(A) OTHER INFORMATION 
0( H >-subunit 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2 

5 10 15 

HetAspGly I leH i sAspThrG 1 yd yHe tThrG lyTyrG lyPro 

Z 0 2 5 3 0 

ValProTyrGlnLysAspGluProPhePheHisTyrGluTrpGlu 

3 S 4 0 4 5 

GlyArgThrLeuSerl 1 eLeiiTh rTrpMe t H i s LeuLysG 1 y I le 

SO 5 S 6 0 

SerTrpTrpAspLysSerArgPhePheArgGluSerHetGlyAsn 

6 5 7 0 7 S 

GluAsnTyrVal AsnGluI leArgAsoSerTyrTyrThrHisTrp 
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80 8S <• 

LeuSerAlaAlaGluArgI I eLeu Va 1 A I a AspLys I lei leThr 

9 S 10 0 'OS 

G luGluGluArgLysHisArgVa IGlnG lu I leLeuG 1 uG lyArg 

110 IIS no 

TyrThrAspArgLysProSerArglysPheAspProAIaGlnlle 

12 5 13 0 I 3 S 

GluLysAlalleGluArgLeuHisGluProHisSerLeuAlaLeu 

14 0 14 5 ISO 

ProGlyAUGluProSerPheSerLeuGlyAspLyslleLysVal 

15 5 16 0 I 6 S 

LysSerMetAsnProLeuGlyHisThrArgCysProlysTyrVal 
ArgAsnLysI leGIyGluI 1 eVa I A 1 aTyrH i sG i yCysG 1 n I Ie 

18 5 10 0 I 0 S 

TyrProGluSerSerSerAlaGlyLeuGlyAspAspProArgPro 

2 0 0 305 310 

LeuTyrThrValAlaPheSerAlaGlnGltiLeuTrpGlyAspAsp 

215 220 3 3 5 

GlyAsnGlylysAspValValCysValAspLeuTrpGluProTyr 
LeuIleSerAla 



(3) INFORMATION FOR SEP ID NO: 3 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 207 amino acids 

(B) TYPE: Amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: Peptide 
(vi) ORIGINAL SOURCE 

(A) ORGANISM: Rhodococcus rhodochrous 

(8) STRAIN: J-l (FERM BP-1478) 

(ix) FEATURES 

(A) OTHER INFORMATION 
a< L >-subunit 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3 



5 io is 

HetThrAlaHisAsnProValGlnGlyThrLeuProArgSerAsn 

Z 0 Z 5 3 0 

GluGlul UAlaAlaArgValLysA UMetGluAlal leLeuVal 

3 S 4 0 * S 

AspLysG lyLeu 1 1 eSerTh r As pA I a I leAspH i sHe tSerSer 

5 0 5 5 6 0 

ValTyrGluAsnGluValGlyProGlnLeuGlyAlalysI leVal 

6 5 10 7 5 

A laArgA IaTrpVa 1 AspProG 1 uPheLysG 1 nArgLeuLeuThr 

8 0 8 5 9 0 

AspAlaThrSerAlaCysArgC luMetG lyValGlyGlyMetGln 

9 S 10 0 I 0 5 

GlyGluGluHetValValleuGluAsnThrGlyThrValHisAsn 

t I 0 MS I Z 0 

HetValValCysThrLeuCysSerCysTyrProTrpProValLeu 

I Z 5 13 0 13 5 

GlyUuProProAsnTrpTyrLysTyrProAlaTyrArgAlaArg 

14 0 I 4 5 ISO 

AlaValArgAspProArgGlyValLeuAlaGluPheGlyTyrThr 

I 5 S 16 0 I 6 S 

ProAspProAspValGluI leArgl leTrpAspSerSerAlaGlu 

17 0 I 7 5 18 0 

LeuArgTyrTrpValLeuProGlnArgProAlaGlyThrGiuAsn 

I 8 S 19 0 1 9 S 

PheThrGluGluGlnleuAlaAspLeuValThrArgAspSerleu 
IleGlyValSerValProThrThrProSerLysAla 



(4) TWPORMATION FOR SEP ID NO: 4 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 226 amino acids 

(B) TYPE: Amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: Peptide 
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(vi) ORIGINAL SOURCE 

(A) ORGANISM; Rhodococcus rhodochrous 

(B) STRAIN: J-l (PERM BP-1478) 
(ix) FEATURES 

(A) OTHER INFORMATION 
/?< L >-SUbunit 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4 



S 10 IS 

MetAspGlylleHisAspLeuGlyGlyArgAlaGlyLeuGIyPro 

2 0 2 5 3 0 

I leLysProGluSerAspGluProValPhellisSerAspTrpGlu 
ArgSerValLeuThrHetPheProAlaMetAIaleuAlaGiyAla 

5 0 S S 6 0 

PheAsnleuAspGlnPheArgGlyAlaMetGluGlnl leProPro 

6 5 7 0 7 5 

IlisAspTyrLeuThrSerGlnTyrTyrGlulIisTrpMetllisAla 
HetlleHisHisGlyl leGIuAIaGlyl lePheAspSerAspGIu 

' 5 10 0 10 5 

LeuAspArgArgThrGlnTyrTyrMetAspHisProAspAspThr 

110 115 12 0 

ThrProThrArgGlnAspProGlnLeuValGluThrl leSerGln 

12 5 13 0 13 5 

Leu! leThrHisGlyAUAspTyrArgArgProThrAspThrGlu 
AlaAlaPheAlaValGlyAspLysVal II e Va I A r gSer As p A 1 a 

15 5 16 0 16 5 

SerProAsnThrHisThrArgArgAlaGiyTyrValArgGlyArg 
ValGlyGluVal Val AtaThrHisGlyAlaTyrValPheProAsp 

18 5 110 | 9 5 

ThrAsnAlaLeuGlyAlaGlyGIuSerProGluHisLeuTyrThr 

ZOO SOS z I 0 

ValArgPheSerAlaThrGIuLeoTrpGlyGluProAlaAlaPro 

215 220 2 2 5 

AsnVal Val AsnHlsi leAspValPheG luProTyrLeuLeuPro 
Ala 



11 



EP 0 445 646 A2 



(5) INFORMATIO N FOR SEP TT? Mn ? § 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 609 base pairs 

(B) TYPE: Nucleic acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: Genomic DNA 
(vi) ORIGINAL SOURCE 

(A) ORGANISM: Rhodococcus rhodochrous 

(B) STRAIN: J-l (FERM BP-1478) 
(ix) FEATURES 

(A) OTHER INFORMATION 
a( H )-subunit 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5 

GTG AGCGAGCACGTCAATAAGTACACGGAGTACGAGGCACGTACC 
AAGGCGATCGAAACCTTGCTGTACGAGCGAGGGCTCATCACGCCC 
GCCGCGGTCGACCGAGTCGTTTCGTACTACGAGAACGAGATCGGC 
CCGATGGGCGGTGCCAAGGTCGTGGCCA AGTCCTGGGTGGACCCT 
GAGTACCGCAAGTGGCTCGAAGAGGACGCGACGGCCGCGATGGCG 
TCATTGGGCTATGCCGGTG AGCAGGCACACCA AATTTCGGCGGTC 
TTCAACGACTCCCAAACGCATCACGTGGTGGTGTGCACTCTGTGT 
TCGTGCTATCCGTGGCCGGTGCTTGGTCTCCCGCCCGCCTGGTAC 
AAG AGCATGGAGTACCGGTCCCGAGTGGTAGCGGACCCTCGTGGA 
GTGCTCAAGCGCGATTTCGGTTTCGACATCCCCGATGAGGTGGAG 
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GTCAGGGTTTGGGACAGCAGCTCCGAAATCCGCTACATCGTCATC 
CCGG AACGGCCGGCCGGCACCGACGGTTGGTCCGAGGAGGAGCTG 
ACGAAGCTGGTGAGCCGGGACTCGATGATCGGTGTCAGTAATGCG 
CTCACACCGCAGGAAGTGATCGTA 



(6 ) INFORMATIO N FOR SEP ID NO; 6 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 687 nucleic acids 

(B) TYPE: Nucleic acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: Genomic DNA 
(vi) ORIGINAL SOURCE 

(A) ORGANISM: Rhodococcus rhodochrous 

(B) STRAIN: J-l (FERM BP-1478) 
( ix ) FEATURES 

(A) OTHER INFORMATION 
/?< H >-subunit 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6 

ATGGATGGTATCCACGACACAGGCGGCATGACCGGATACGGACCG 
GTCCCCTATCAGAAGGACGAGCCCTTCTTCCACTACGAGTGGGAG 
GGTCGGACCCTGTCAATTCTGACTTGGAT GCATCTCAAGGGCATA 
TCGTGGTGGGACAAGTCGCGGTTCTTCCGGGAGTCGATGGGGAAC 
GAAA ACTACGTCAACGAGATTCGCAACTCGTACTACACCCACTGG 



CTGAGTGCGGCAGAACGTATCCTCGTCGCCGACAAGATCATCACC 
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GAAGAACAGCGAAAGCACCGTGTGCAAGAGATCCTTGAGGGTCGG 
TACACGGACAGGAAGCCGTCGCGGAAGTTCGATCCGGCCCAGATC 
GAGAAGGCG ATCGAACGGCTTCACGAGCCCCACTCCCTAGCGCTT 
CCAGGAGCGGAGCCGAGTTTCTCTCTCGGT GACAAGATCAAAGTG 
A AG AGTATG A ACCCGCTGGG ACAC ACACGGTGCCCGA A ATATGTG 
CGG AACAAGATCGGGG AAATCGTCGCCTACCACGGCTGCCAGATC 
TATCCCGAGAGCAGCTCCGCCGGCCTCGGCGACGATCCTCGCCCG 
CTCTACACGGTCGCGTTTTCCGCCCAGGAACTGTGGGGCGACGAC 
GGAAACGGGAAAGACGTAGTGTGCGTCGATCTCTGGGAACCGTAC 
CTGATCTCTGCG 



(7) INFORMATION FOR SEP ID HQ: 7 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 621 base pairs 

(B) TYPE: Nucleic acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: Genomic DNA 
(vi) ORIGINAL SOURCE 

(A) ORGANISM: Rhodococcus rhodochrous J-l 
(PERM BP-1478) 

(ix) FEATURES 

(A) OTHER INFORMATION 
tf ( L >-subunit 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7 
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ATGACCGCCCACAATCCCGTCCAGGGCACGTTGCCACGATCGAAC 
GAGGAGATCGCCGCACGCGTGAAGGCCATGGAGGCCATCCTCGTC 
GACAAGGGCCTGATCTCCACCGACGCCATCGACCACATGTCCTCG 

GTCTACGAGAACGAGGTCGGTCCTCAACTCGGCGCCAAGATCG TC 

MS zio z 2 s 

GCCCGCGCCTGGGTCGATCCCGAGTTCAAGCAGCGCCTGCTCACC 

GACGCCACCAGCGCCTGCCGTGAAATGGGCGTCGGCGGCATGCAG 

GGCGAAGAAATGGTCGTGCTGGAAAACACCGGCACGGTCCACAAC 

ATGGTCGTATGTACCTTGTGCTCGTGCTATCCGTGGCCGGTTCTC 

GGCCTGCCACCCAACTGGTACAAGTACCCCGCCTACCGCGCCCGC 

GCTGTCCGCGACCCCCGAGGTGTGCTGGCCGAATTCGGATATACC 

i 6 S 480 < 1 5 

CCCGACCCTGACGTCGAGATCCGGATATGGGACTCGAGTGCCGAA 

S(0 SIS S40 

CTTCGCTACTGGGTCCTGCCGCAACGCCCAGCCGGCACCGAGAAC 
TTCACCGAAGAACAACTCGCCGACCTCGTCACCCGCGACTCGCTC 
ATCGGCGTATCCGTCCCCACCACACCCAG CAAGGCC 



(8) INFORMATION FOR SEP ID NO; 8 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 678 base pairs 

(B) TYPE: Nucleic acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: Genomic DNA 
(vi) ORIGINAL SOURCE 
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(A) ORGANISM: Rhodococcus rhodochrous 

(B) STRAIN: J-l (FERM BP-1478) 
(ix) FEATURES 

(A) OTHER INFORMATION 
/? (L) -SUbunit 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8 

ATGGATGGAATCCACGACCTCGGTGGCCGCGCCCGCCTGCGTCCG 

60 75 90 

ATCAAGCCCGAATCCGATCAACCTCTTTTCCATTCCGATTGGGAG 
CGGTCGGTTTTGACGATGTTCCCGGCGATGGCGCTGGCCGGCGCG 

TTCAATCTCGACCAGTTCCGGGGCGCGATGGAGCAGATCCCCCCG 

CACGACTACCTGACCTCGCAATACTACG AGCACTGGATGCACGCG 

ATGATCCACCACGGCATCGAGGCGGGCATCTTCG ATTCCG ACGAA 

CTCGACCGCCGC ACCCAGTACTACATGGACCATCCGGACGACACG 

ACCCCCACGCGGCAGGATCCGCAACTGGTGGAG ACG ATCTCGCAA 

CTGATCACCCACGG AGCCGATTACCG ACGCCCG ACCGACACCGAG 

GCCGCATTCGCCGTAGGCGACA AAGTCATCGTGCGGTCGGACGCC 

TCACCGAACACCCACACCCGCCGCGCCGGATACGTCCGCGGTCGT 

GTCGGCGAAGTCGTGGCGACCCACGGCGCGTATGTCTTTCCGGAC 

ACCAACGCACTCGGCGCCGGCGAA AGCCCCGAACACCTGTACACC 

GTGCGGTTCTCGGCG ACCGAGTTGTGGGGT GAACCTGCCGCCCCG 

AACGTCGTCAATCACATCGACGTGTTCGAACCGTATCTGCTACCG 

GCC 



(9) INFORMATION FOR SEP ID NO: 9 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 26 amino acids 

(B) TYPE: Amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: Peptide 
(vi) ORIGINAL SOURCE 

(A) ORGANISM: Rhodococcus rhodochrous 

(B) STRAIN: J-l (FERM BP-1478) 
(ix) FEATURES 

(A) OTHER INFORMATION 
a (H, -subunit: a^ E ^ 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9 

Ser-C 1 u.-H i s- Va 1 -Asn-Lys-Ty r-Thr-G I u-Ty r-G I u-A I a-Arg-Thr-Lys 

2D IS 

A 1 a- 1 1 e-G 1 u-Thr-Leu-Leu-Ty r-G 1 u-Arg-G 1 y-Leu 

(10) INFORMATION FOR SEP ID NO; in 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 amino acids 

(B) TYPE: Amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: Linear 

(11) MOLECULE TYPE: Peptide 
(vi) ORIGINAL SOURCE 

(A) ORGANISM: Rhodococcus rhodochrous 
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(B) STRAIN: J-l (FERM BP-1478) 
(ix) FEATURES 

(A) OTHER INFORMATION 

j? (H, -subunit: / 5 1 (H) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10 

5 10 >S 

Me t-Asp-G 1 y- 1 le-Hi s-Asp-Thr-G ly-G ly-Met-Thr-G ly-Ty r-C ly-Pro 

20 25 

Val-Pro-Tyr-Gln-Lys-Asp-Glu-Pro-Phe-Phe-His-Tyr-Glu 



(11) INFORMATION FOR SEP Tn Mo- n 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 amino acids 

(B) TYPE: Amino acid 

(C) STRANDEDNESS : 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: Peptide 
(vi) ORIGINAL SOURCE 

(A) ORGANISM: Rhodococcus rhodochrous 

(B) STRAIN: J-l (FERM BP-1478) 
(ix) FEATURES 

(A) OTHER INFORMATION 
or (L) -subunit: 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11 
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s io 1 * 

Thr-Ala-His-Asn-Pro-VaI-Gln-Cly-Thr-Leu-Pro-Arg-?-Asn-Ctu 

(12) INFORMATION FOR SEP ID NO; 12 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 amino acids 

(B) TYPE: Amino acid 

(C) STRANDEDNESS : 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: Peptide 
(vi) ORIGINAL SOURCE 

(A) ORGANISM: Rhodococcus rhodochrous 

(B) STRAIN: J-l (FERM BP-1478) 
(ix) FEATURES 

(A) OTHER INFORMATION 
j9 (L) -subunit: ftM 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12 

5 10 IS 

Me t-Asp-G I y- 1 1 e-H i s-Asp-Leu-G 1 y-G 1 y-Arg-A la- ?-Leu-?-Pro 
Ile-lys-Pro-Glu 



H3) INFORMATION FOR SEP ID NO: 13 
(i) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: 2070 base pairs 

(B) TYPE: Nucleic acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: Genomic DNA 

(vi) ORIGINAL SOURCE 

(A) ORGANISM: Rhodococcus sp. 

(B) STRAIN: N-774 (PERM BP-1936) 
(ix) FEATURES 

from nucleotide No. 675 to 1295: subunit a 
from nucleotide No. 1225 to 1960: subunit /? 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13 

SphI 

GCATGCTTTCCACATCTGGAACGTGATCGCCACGGACGGTGGTG 
CCTACCAGATGTTGGACGGCAACGGATACGGCATGAACGCCGAAG 
GTTTGTACGATCCGGAACTGATGGCACACTTTGCTTCTCGACGCA 
TTCAGCACGCCGACGCTCTGTCCGAAACCGTCAAACTGGTGGCCC 
TGACCGGCCACCACGGCATCACCACCCTCGGCGGCGCGAGCTACG 
GCAAAGCCCGGAACCTCGTACCGCTTGCCCGCGCCGCCTACGACA 
CTGCCTTGAGACAATTCGACGTCCTGGTGATGCCAACGCTGCCCT 
ACGTCGCATCCGAATTGCCGGCGAAGGACGTAGATCGTGCAACCT 



OA 
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TCATCACCAAGGCTCTCGGGATGATCGCCAACACGGCACCATTCG 
ACGTGACCGGACATCCGTCCCTGTCCGTTCCGGCCGGCCTGGTGA 

4 5 0 

ACGGGGTTCCGGTCGGAATGATGATCACCGGCAGACACTTCGACG 

.soo H i n d IH 

ATGCGACAGTCCTTCGTGTCGGACGCGCATTCGAAAAGCTTCGCG 

.550 

GCCGGTTTCCGACGCCGGCCGAACGCGCCTCCAACTCTGCACCAC 
AACTCAGCCCCGCCTAGTCCTGACGCACTGTCAGACAACAAATTC 
CACCGATTCACACATGATCAGCCCACATAAGAAAAGGTGAACCAG 

.TOO 

ATGTCAGTAACGATCGACCACACAACGGAGAACGCCGCACCGGCC 
MetSerValThrl 1 eAspH i sThrThrG 1 uAsnA 1 aA 1 aProA I a 

Subun i t a . 7 5 0 

CAGGCGGCGGTCTCCGACCGGGCGTGGGCACTGTTCCGCGCACTC 
GlnAlaAlaValSerAspArgAlaTrpAlaLeuPheArgAlaLeu 

Kpn I .boo 
GACGGTAAGGGATTGGTACCCGACGGTTACGTCGAGGGATGGAAG 
AspGlyLysGlyLeuValProAspGlyTyrValGluGlyTrpLys 

.850 

AAGACCTCCGAGGAGGACTTCAGTCCAAGGCGCGGAGCGGAATTG 
LysThrSerGluGluAspPheSerProArgArgG lyAUGluLeu 

Pvul 

GTAGCGCGCGCATGGACCGACCCCGAGTTCCGGCAGCTGCTTCTC 
Va UlaArgAlaTrpThrAspProGluPheArgG InLeuLeuLeu 
. o o o Kpn I 

ACCGACGGTACCGCCGCAGTTGCCCAGTACGGATACCTGGGCCCC 
ThrAspG lyThrAlaAlaValAlaGlnTyrG lyTyrLeuGlyPro 

CAGGCGGCCTACATCGTGGCAGTCGAAGACACCCCGACACTCAAG 
G 1 nA laAUTy r I leVal AlaValG luAspThrProThrLeuLys 

AACGTGATCGTGTGCTCGCTGTGTTCATGCACCGCGTGGCCCATC 
AsnVal I t eVa 1 CysSerLeuCy sSe rCy sThr A 1 aTr pP r o I le 

CTCGGTCTGCCACCCACCTGGTACAAGAGCTTCGAATACCGTGCG 
LeuG 1 yLeuProProThrTrpTyrLysSerPheC I uTyrArgA la 
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CGCGTGGTCCGCGAACCACGGAAGGTTCTCTCCGAGATGGGAACC 
ArgVa I Va lArgGluProArglysVa ILeuSerCluMetGlyThr 

GAGATCGCGTCGGACATCGAGATTCGCGTCTACGACACCACCGCC 
Glul leAUSerAspl UGluI 1 eArgVa I Ty rAspTh rTln A I a 

GAAACTCGCTACATGGTCCTCCCGCAGCGTCCCGCCGGCACCGAA 
G 1 uThrArsTy rMe tVal LeuProG InArgProAlaGIyThrGIu 

Ps t I 

GGCTGGAGCCAGGAACAACTGCAGGAAATCGTCACCAAGG ACTGC 
GlyTrpSerGlnGluGlnLeuGlnGlul leVa 1 Thr Ly sAspCys 

CTGATCGGGGTTGCAATCCCGCAGGTTCCCACCGTCTGATCA CCC 
Leu 1 1 eG lyVa I Ala 1 1 eP r oG 1 nVa I ProThrVa 1 TRU 

CGACAAGAAGGAAGCACACC-ATGGATGGAGTACACGATCTTGCC 

UetAspG lyVa IH i sAspLeuAla 
S u b u h i t 0 

GGAGTACAAGGCTTCGGCAAAGTCCCGCATACCGTCAACGCCGAC 
G lyVa 1G InG lyPheGlyLysValProHi sThrVa 1 AsnAlaAsp 

ATCGGCCCCACCTTTCACGCCGAATGGGAACACCTGCCCTACAGC 
1 1 eG 1 yProThrPheH i sAlaG I uTrpG luH i sLeuProTy rSer 
• mo Sail 
CTGATGTTCGCCGGTGTCGCCGAACTCGGGGCCTTCAGCGTCGAC 
LeuMetPheA laG lyValA laG IuLeuG 1 yAlaPheSerValAsp 

GAAGTGCGATACGTCGTCGAGCGGATGGAGCCGGGCCACTACATG 
GluVa lArgTyrValValG I u ArgUe t G 1 uPr oG 1 y H i sTy rMe t 

ATGACCCCGTACTACGAGAGGTACGTCATCGGTGTCGCGACATTG 
MetThrProTyrTyrGluArgTyrVall leG lyVa 1 AlaThrLeu 

ATGGTCGAAAAGGGAATCCTGACCCAGGACGAACTCGAAAGCCTT 
MetValGluLysGlylleLeuThrGlnAspGIuLeuGluSerLeu 

GCGGGGGGACCGTTCCCACTGTCACGGCCCAGCGAATCCGAAGGG 
AlaGlyGlyProPheProLeuSerArgProSerGluSerGluGly 
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CGGCCGGCACCCGTCGAGACGACCACCTTCGAAGTCGGGCAGCGA 
ArgProA UProVa I G luThrThrThrPheG luVa IG 1 yG InArg 

GTACGCGTACGCGACGAGTACGTTCCGGGGCATATTCGAATGCCT° 
ValArgValArgAspG! uTy rVa IProG 1 yll i s I leArgMetPro 

GCATACTGCCGTGGACGAGTGGGAACCATCTCTCATCGAACTACC 
AlaTyrCysArgClyArgValCiyThrl 1 eSerH i sAr gThrlhr 

.19 0 0 

GAGAAGTGGCCGTTTCCCGACGCAAT.CGGCCACGGGCGCAACGAC 
CluLysTrpProPheProAspAla! UGlyHisGIyArgAsnAsp 

. I 8 $ 0 

GCCGGCGAAGAACCGACGTACCACGTGAAGTTCGCCGCCGAGGAA 
AlaGlyGluGluProThrTyrHisValLysPheAlaAlaGluGlu 

• looo Sail 
TTGTTCGGTAGCGACACCGACGGTGGAAGCGTCGTTGTCGACCTC 
LeuPheGlySerAspThrAspGlyGlySerValValValAspLeu 

TTCGAGGGTTACCTCGAGCCTGCGGCCTGATCTTCCAGCATTCCA 
PheG IuGlyTyrleuGluProAlaAlaTRM 

GGCGGCGGTCACGCGATCACAGCGGTTCGTGCGACCGCCGCCTGA 

TCACCACGATTCACTCATTCGGAAGGACACTGGAAATCATGGTCG 

Sal I 

AC 



(14) INFORMATION FOR SEP ID NO: 14 

(i) SEQUENCE CHARACTERISTICS ; 

(A) LENGTH: 1970 base pairs 

(B) TYPE: Nucleic acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: Genomic DNA 
(vi) ORIGINAL SOURCE 



93 
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10 



20 



30 



35 



40 



45 



(A) ORGANISM: Rhodococcus rhodochrous J-l 
(FERM BP-1478) 

(ix) FEATURES 

from nucleotide No. 408 to 1094: subunit /3 (H) 
from nucleotide No. 1111 to 1719: subunit cr (H) 

(xi) ' SEQUENCE DESCRIPTION: SEQ ID NO: 14 



CTGCAGCTCGAACATCGAAGGGTGCGAGCCCAGAGATCCGAGACGCAGACACCCGGAGGG 



AACTTAGCCTCCCGGACCGATGCGTGTCCTGGCAACGCCTCAAAATTCAGTCCAAGCGAT 
• TCAATCTTGTTACTTCCAGAACCGAATCACCTCCCCGTACTCTCCGGGCAGAGCCCCCGA 
2 5 ACGCAGGGATGGTATCCATCCGCCCCTTCTCTTTTCGAACGAGAACCGGCCGCTACAGC^ 
GACCCGGAGACACTGTGACGCCGTTCAACGATTGTTGTGCTGTGAAGGATTCACCCAAG^ 



CAACTGATATCGCCATTCCGTTGCCGGAACATTTGACACCTTCTCCCTACGAGTAGAAGC 



CAGCTGGACCCCTCTTTGAGCCCAGCTCCGATGAAAGGAATGAGGAAATGGATGGTATCC 

MetAspGlyileH 
Subunit 0 ,H) 

ACGACACAGGCGGCATGACCGGATACGGACCGGTCCCCTATCAGAAGGACGAGCCCTTCT 
isAspThrGlyGlyMetThrGIyTyrG lyProValProTyrG InLysAspGluProPheP 

TCCACTACGAGTGGGAGGGTCGGACCCTGTCAATTCTGACTTGGATGCATCTCAAGGGCA 
heHisTyrG luTrpGluG lyArgThrLeuSer 1 1 eLeuThrTr pMe tH i sLeuLy sG 1 y I 

TATCGTGGTGGGACAAGTCGCGGTTCTTCCGGGAGTCGATGGGGAACGAAAACTACGK 
leSerTrpTrpAspLysSerArgPhePheArgGluSerMetGlyAsnGluAsnTyrValA 

ACGAGATTCGCAACTCGTACTACACCCACTGGCTGAGTGCGGCAGAACGTATCCTCGTCG 
snGluI leArgAsnSerTyrTyrThrHisTrpLeuSerAlaAUGluAigl ULeuValA 

SO 070 680 890 700 710 720 

CCGACAAGATCATCACCGAAGAAGAGCGAAAGCACCGTGTGCAAGAGATCCTTGAGGGTC 
laAspLys! le! I eThrG 1 uG 1 uG 1 uAr gLy sH i sArgVa 1 G I nG 1 u I leLeuGluGIyA 



55 



n a 
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CGTACACCGACAGGAAGCCGTCGCGGAACTTCCATCCGGCCCAGATCGAGAAGGCCATCG 
rgTyrThrAspArgLysProSerArgLysPheAspProAlaGlnl leGluLysAlal leG 

AACGGCTTCACGAGCCCCACTCCCTAGCGCTTCCAGGAGCGGAGCCGAGTTTCTCTCTCG 
luArgLeuHisGluProHisSerLeuAlaLeuProGlyAUGluProSerPheSerLeuG 

GTGACAAGATCAAAGTGAAGAGTATGAACCCGCTGGGACACACACGGTGCCCGAAATATG 
lyAspLysI 1 eLysVa 1 LysSerMe t AsnProLeuG 1 yH isThrAr gCysProLysTyrV 

TGCGGAACAAGATCGGGGAAATCGTCGCCTACCACGGCTGCCAGATCTATCCCGAGAG^ 
a lArgAsnLys I leClyG 1 ul I eVa 1 A I aTy rH i sG lyCysGlnl 1 eTy rProG I uSerS 

GCTCCGCCGGCCTCGGCGACGATCCTCGCCCGCTCTACACGGTCGCGTTTTC 
erSerAIaGI yLeuGlyAspAspProArgProLeuTyrThrVa I A laPheSerAlaGlnG 

AACTGTGGGGCGACGACGGAAACGGGAAAGACGTAGTGTGCGTCGATa 
luLeuTrpGl yAspAspG lyAsnGlyLysAspVa lVa ICysVa lAspLeuTrpGluProT 

ACCTGATCTCTGCGTGAAAGGAATACGATAGTGAGCGAGCACGTCAATA^ 
yrLeu! leSerAla Me tSe rG 1 uH i sVa 1 AsnLysTy rThrG 1 u 

Subunit a <H) 

1130 1160 117 0 1180 1100 1200 

TACGAGGCACGTACCAAGGCGATCGAAACCTTGCTGTACGAGCGAGGGCTCATCACGCCC 
TyrGluAIaArgThrLysAlal 1 eG 1 uTh rLeuLe uTy rG 1 u A r gG lyLeuI leThrPro 

GCCGCGGTCGACCGAGTCGTTTCGTACTACGAGAACG AGATCGGCCCGATGGGCGG 
AlaAlaValAspArgVa IValSerTyrTyrGluAsnGIuT leGlyProMetGIyGlyAla 

AAGGTCGTGGCCAAGTCCTGGGTGGACCCTGAGTACCGCAAGTGGCTCGAAGAG 
LysVa IVaiA I aLysSerTr p Va i AspP roG I uTy rArgLysTrpLeuG 1 uG I u AspA I a 

ACGGCCGCGATGGCGTCATTGGGCTATGCCGGTGAGCAGGCACACCAAAm 
ThrAlaAlaMetAlaSerLeuGlyTyrAlaGlyGluGlnAlaHisGlnlleSerAlaVai 

TTCAACGACTCCCAAACGCATCACGTGGTGGTGTGCA CTCTGTGTTCGTGCTATCCGTGG 
PheAsnAspSerG InThrHisHisVa lVa IValCysThrLeuCysSerCysTyrProTrp 
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CCGGTGCTTGGTCTCCCGCCCGCCTGGTACAAGAG 

ProValLeuGlyLeuProProAlaTrpTyrLysSerMetGluTyrArgSerArgValVal 

GCGGACCCTCGTGGAGTGCTCAAGCGCGATTTCGGTTTCGACATCCCW 
AlaAspProArgGlyValLeuLysArgAspPheG lyPheAsp I i eProAspG 1 uVa 1C 1 u 

GTCAGGCmCGGACAGCACCTCCGAAATCCGCTACATCGTCATCCCGGAACG 
ValArgValTrpAspSerSerSerGIuI leArgTyrl leVal I IeProGluArgProAla 

GGCACCGACGGTTGGTCCGAGGAGGAGCTGACGAAGCTGGTGAGCCGG^ 
GlyThrAspGlyTrpSerGluGluGluLeuThrLysLeuValSerArgAspSerHetile 

GGTGTCAGTAATGCGCTCACACCGCAGGAAGTGATCGTATGAGTGAAGACACACTCACTG 
GlyValSerAsnAlaLeuThrProG InGluVa! I ieVal 

ATCGGCTCCCGGCGACTGGGACCGCCGCACCGCCCCGCGACAATGGCW 



CCGAGCCTTGGGAAGCAACGGCATTCGGGGTCGCCATCGCGCTTTC 



ACGAATGGGAGTTCTTCCGACAGCGTCTCATTCACTCCATCGCTGAGG^ 



AGGCATACTACGAGAGCTGGACAAAGGCGCTCGAGGCCAGCGTGGTC^ 



(15) INFORMATIO N FOR SEP ID NO! 15 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1731 base pairs 

(B) TYPE: Nucleic acid 
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(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: Genomic DNA 
(vi) ORIGINAL SOURCE 

(A) ORGANISM: Rhodococcus rhodochrous 

(B) STRAIN: J-l (PERM BP-1478) 
(ix) FEATURES 

from nucleotide No. 171 to 848: subunit /? (L) 
from nucleotide No. 915 to 1535: subunit c (L) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15 



GAGCTCCCTCGACCCACTCGCGCCGACCCATCCACCCTCGGACAGCCCACGGTGCGGATC 

ACCCCTGTTCGTCGGTAACAGAACAGTAACATGTCATCAGGTCATGACGTGTTGACGCAT 

TAGACGAGGGCACATACGGTTGGTCACTCACGGCACAACGAGAGCATTTCATGGATGGAA 

MetAspGlyl 
Subunit IS (U 

TCCACGACCTCGGTGGCCGCGCCGGCCTGGGTCCGATCAAGCCCGAATCCGATGAACCTG 
JeHisAspLeuGlyG lyArgAlaGlyLeuGIyProI 1 eLysProG ! uSerAspG I uProV 

TTTTCCATTCCGATTGGGAGCGGTCGGTTTTGACGATGTTCCCGGCGATGGCGCTGGCCG 
alPheHisSerAspTrpGluArgSerValLeuThrMetPheProAlaMelAULeuAlaG 

GCGCGTTCAATCTCGACCAGTTCCGGGGCGCGATGGAGCAGATCCCCCCGCACGACTACC 
lyAlaPheAsnLeuAspG InPheArgG lyAlaMetGluGInl IeProProHisAspTyrL 

TGACCTCGCAATACTACGAGCACTGGATGCACGCGATGATCCACCACGGCATCGAGGCGG 
euThrSerGlnTyrTyrGluHisTrpMetHisAlaMetllellisHisGlylleGluAlaG 

GCATCTTCGATTCCGACGAACTCGACCGCCGCACCCAGTACTACATGGACCATCCGGACG 
lyl lePheAspSerAspGluLeuAspArgArgThrGlnTyrTyrMetAspHisProAspA 
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A 4^Jf^ CACGCGG ^GGATCCCCAACTGGTGGAGACCATCTCCCAACTGATCA« 
spThrThrProThrArgGlnAspProGInLeuValGIuThrlleSerG InLeuI leThrfl 

^ C £? A 5?^9^ T Z ACCGA ^^^ CCGACCG ACACCCAGGCCGCATTCGCCGTAGGCGACAAAG 
lsGlyAIaAspTyrArgArgProThrAspThrCluAUAIaPheAlaVa IGIyAspLysV 

TCATCGTGCGGTCGGACGCCTCACCGAAC^ 

all leValArgSerAspAlaSerProAsnThrHisThrArgArgAlaGIyTyrValAigG 

TCGGCGCCGGCGAAAGCCCCGAACACCTGTACACCGTGCGGTTCTCGGCGACCGAGTTGT 
euGlyAlaGlyGluSerProGluHisLeuTyrThrValArgPheSerAIaThrGluLeuT 

GGGGTGAACCTGCCGCCCCGAACGTCGTCAATCACATCGACGTGTTCGAACCGTATCTGC 
rpGlyGIuProAlaAlaProAsnValValAsnHisI leAspVa lPheG 1 uProTyrLeuL 

TACCGGCCTGACCAGGTCATCCGGTCCACCCAGCGAGACGTCCCTTCACCACAGACAGAA 
euProAl a 

ACCAGCCCACCCCGATGACCGCCCACAATCCCGTCCAGGGCACGTTGCCACGATCGAACG 

MetThrAlaHisAsnProValGInGlyThrLeuProArgSerAsnG 
Subunlt a <L1 

AGGAGATCGCCGCACGCGTGAAGGCCATGGAGGCCATCCTCGTCGACAAG^ 

luGluI leAUAlaArgValLysAlaMetCluAlal leLeuVa lAspLysG lyLeuI leS 

CCACCGACGCCATCGACCACATGTCCTCGGTCTACGAGAACGAGGTCGGkcTCAACTCG 
erThrAspAIal UAspHisMetSerSerValTyrGluAsnGluValG lyProGInLeuG 

GCGCCAAGATCGTCGCCCGCGCCTGGGTCGATCCCGAGTTCAAGCAGCGCCTGCTCACCG 
lyAlaLysI leValAlaArgAUTrpValAspProGluPheLysG InArgLeuLeuThrA 

ACGCCACCAGCGCCTGCCGTGAAATGGGCGTCGGCGGCATGCAGGGCGAAGAAATGGTCG 
spAlaThrSerAlaCysArgGluMetGlyValGIyGlyMetGlnGiyGluGluMetVaiV 

TGCTGGAAAACACCGGCACGGTCCACAACATGGTCGTATGTACCTTGTGCTCGTGCTA^ 
a ILeuG I uAsnThrG I yThrVa lHi sAsnHetVa 1 Va ICysThrLeuCysSerCysTyrP 

CGTGGCCGGTTCTCGGCCTGCCACCCAACTGGTACAAGTACCCCGCCTACC 
roTrpProValLeuGlyLeuProProAsnTrpTyrLysTyrProAlaTyrArgAUArgA 

CTGTCCGCGACCCCCGAGGTGTGCTGGCCGAATTCGGATATACCCCW 
IaValArgAspProArgGIyValLeuAUGIuPheGIyTyrThrProAspProAspValG 
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AGATCCGGATATGGGACTCGAGTGCCGAACTTCG 

lu I leArgl IeTrpAspSerSerAlaG luLeuArgTyrTrpVa lLeuProG InArgProA 

CCGGCACCGAGAACTTCACCGAAGAACAACTCGCCGA^ 
UGlyThrGIuAsnPheThrGiuGluGlnLeuAlaAspLeuValThrArgAspSerLeuI 

13 10 1920 1530 15 4 0 1550 15 8 0 

TCGGCGTATCCGTCCCCACCACACCCAGCAAGGCCTGACATGCCCCGACTCAACGAACAA 
10 leGlyValSerValProThrThrProSerLysAla 

CCCCACCCGGGTCTCGAAGCCAACCTCGGCGACCTGGTA^ 
, s CGAATCCCCCGCCGCTCCGGCGAGGTCGCCn 

AGCATTGCCACCGCATTGCATGGCCAGGGCCGATTCG^ 

20 

Claims 

1. A DNA (H) fragment encoding a polypeptide having nitrile hydratase activity, said polypeptide comprising 
25 the or (H) -subunit as defined in the Sequence Listing by SEQ ID: No. 1 and the jS (H) -subunit as defined in 

the Sequence Listing by SEQ ID: No. 2. 

2. A DNA (L) fragment encoding a polypeptide having nitrile hydratase activity, said polypeptide comprising 
the a (L> -subunit as defined in the Sequence Listing by SEQ ID: No. 3 and the 0 (L) -subunit as defined in 

30 the Sequence Listing by SEQ ID: No. 4. 

3. The DNA (H) fragment of claim 1 which contains the nucleotide sequences of the a {H, -subunit as defined 
in the Sequence Listing by SEQ ID: No. 5 and the jS (H) -subunit as defined in the Sequence Listing by 
SEQ ID: No. 6. 

35 

4. The DNA (L) fragment of claim 2 which contains the nucleotide sequences of the a (L) -subunit as defined 
in the Sequence Listing by SEQ ID: No. 7 and the 0 (L> -subunit as defined in the Sequence Listing by 
SEQ ID: No. 8. 

40 5. A recombinant DNA comprising a DNA (H) or DNA <L) of any one of claims 1-4 in a vector. 

6. A transformant transformed with the recombinant DNA of claim 5, 

7. A method of producing nitrile hydratase which comprises culturing the transformant as claimed in claim 
45 6 and recovering nitrile hydratase from the culture. 

8. A method of producing amides which comprises hydrating nitriles using nitrile hydratase obtained from 
the culture of the transformant of claim 6. 

50 9. A method of producing amides which comprises culturing the transformant as claimed in claim 6, and 
hydrating nitrites to amides using the resultant culture, isolated bacterial cells, treated matter thereof, or 
a fixed material thereof. 
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F I G. 1 



SacI 



h- BamHI 
PstI 



— Sail 



Sail 
Sacl 



SacI 



•EcoRI 
•EcoRI 



— EcoRI 



—PstI 



—PstI 



SacI 



